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INTRODUCTION

The Fifteenth DoD Tri-Service Review Conference on Atmospheric Transmission Models
was held at the Geophysics Directorate, Hanscom AFB, Massachusetts on 2-3 June 1992. The
purpose of the meeting was to review progress in the modeling of radiation propagating through
the earth's atmosphere, identify deficiencies in these models, and make recommendations for
improvements.

Approximately 120 scientists and engineers, representing DoD, other government agencies,
industry, and the academic community were in attendance. The agenda consisted of twenty six
papers distributed into sessions on: Code Enhancements, Atmospheric Propagation Models,
Measurements and Models, and Aerosols and Clouds.

This proceedings volume summarizes the technical presentations at the conference. The main
part of the report consists of abstracts and copies of the viewgraphs or slides and other material
as provided by the authors of the presentations. The Appendix includes the original call for
papers, the invitation, and a copy of the final agenda. An author index is at the end of the
proceedings.

On a personal note, this 15th Annual Conference was the first not organized, run, and
attended by Francis X. Kneizys. The "default" organizers wish to acknowledge the impact of
his absence. While Frank took great care to train his apprentices, his skills in organization,
maintenance of rich historic friendships (including instant name-recall), and constant flexibility,
edged with an intellectually exciting (though subtle) sense of humor, cannot be transmitted
through any traditional approaches. The current organizers, along with past and present. attendees, hereby extend to Frank and his family a heartfelt THANK YOU and BEST WISHES
for continued happiness and good health in their retirement.

Leonard W. Abreu Michael L. Hoke
Simulation Branch Simulation Branch
Optical Environment Division Optical Environment Division

• P. Anderson Chetwynd
Simulation Branch Simulation Branch
Optical Environment Division Optical Environment Division

vii
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IMPROVEMENT OF MODTRAN AND FASCOD TO FULL SOLAR CAPABILITY
INCLUDING MULTIPLE SCATTERING AND SPHERICAL GEOMETRY

M. Yeh
Caelum Research Corporation, 11229 Lockwood Drive, Silver Spring, MD 20901

K. Stamnes, S. Tsay
Geophysical Institute, University of Alaska, Fairbanks, AK 99775-0800

We have started a significant upgrade of MODTRAN and FASCOD to encompass full solar
capability, including rigoro multiple scattering and spherical geomety. As par of this project
we are attempting to modularize and restructure the existing codes to enhance the flexibility and
readability and thus facilitate their use as well as the inclusion of future provements. We plan to
unify the stuctur of these codes to provide a framework within which the atmopheri coditions
and optical properties other than gaseous absorption are a common feature. Thus, the desired
spectral resolution, which dictates the treatment of gaseous absorption by atmospheric constituents,
is the key feature distinguishing the codes. To solve the ensuing radiative tansfer problem we will
utilize existing stte-of-the-art multiple scattering algorithms. The end product of this effort will be
modem, well-documented and tested software tools that can easily and safely be used by others in
a variety of applications.
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UPGRADED LINE-OF-SIGHT GEOMETRY PACKAGE FOR MODTRAN

P.K Acharya, D.C. Robertson, A. Berk
Spectral Sciences, Inc., 99 South Bedford Street, #V, Burlington, MA 01803-5169

The geometry package in MODTRAN was modified so that the actual line-of-sight (LOS)
parameters used for the transmittance/radiance calculations always closely match the user's
requestd input values. For example, the case specified by (Hi, ZENITH ANGLE, RANGE)
would sometimes result in an output range that differed from the input by 20% or mome. The
geometry routines incurred round-off problems on 32-bit machines due to subtracfion of large
numbers, each of which includes the square of the earth-radius. The new routines replace
numerically unstable algebraic exprsons by more stable identities and occasimally resort to
double precision arithmetic. Furtheror, the geometry rotines can now deal with very short
paths down to 0.001 kIn. This new geometry package will be part of the next release of
MODTRAN.
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MR VISIBILITY

C.N. Touart
Hughes SIX Corpomtion, 109 Massachusetts Avenue, Lexington, MA 02173

hi n o deman from field users, the cunent release of the Philips Lab EOThA (BO
Tacticl D Aid) outpus values of an 8-12 pam "visibility" that is noted IRVIS. It is
defined as the MRT deection range for an "avrna" FR viewing a taret of "standard" size and
inhee confast. The rationale for this definition and how IRVIS behaves in various weather
conditions will b pesented.

260



0

w0
oZ'.

z LLF a.2-' F- r-8
*? 0 -1 0L•0 -

0)m ZU) C0•,,, InoIZ cr

O z P "-

<13-0

C,i* 
2 7



0O

z

am -c -I

00

J x
m •w

28



IFc

0

oL OZF

0z < WIC
0 Z LL >

C) LL

0 LL> cccc cr0 L
mm Z W a. LL

V5 C0; < 2J w
> .1 () Z 30 LU

!E Im F 3-0

* 29 c



<cl) ccNE < 0

_ LO L
a-- cc C;"

<uo 1o 0

zzM• OD U-J,
"F--O Cw

WU0 z .

0 < I

> X

30



0
oo

010 H
4.) mE-4

E--4
01 x

E-4 54 0
H~~0 0 0

020 0E4 i
H EiI:>I

E ~ E- 4PI

W4 H
H

0) 44

* 31



- - - - - --- - -- -

4.-', H
H � NO H
o Cl) H � N H
U) H

eQ
$4

-- - - --

*u4

w
H

H �H N 10010
H H

Cl)
H

- - - - - -
- - - - - - - - -



0

-A.

63 0 0 0 0 0

S,-H 0 0 0 0 0t CO0

H

33:



v4 ~~ C4 IA H oo

.0

0 0 0 0 0

00 -4 4 LAo"

340



H wO m~ N% --A

H

H

"H 4

10 0 0 01



0

co co tLO

4 J

*4)

•H•

H 00

p4

0

360



C90

0

to>

H

144 - -

0

>37

4.1

%0 )

01

37



co

o in

0

>4.

0 erg

E38

4.38



In:5

>4 0

000

H
C4 0

3: II

z H
o >

C4 z
H 9

E-4

39



II 4

0

w4'•..
00

N w °
tr 0

0 o ,o o
P4 0 0ý 0 t. 0r N-

ZIJ H '4
0M C4 > 0 .5 4.'w

"q 1 14

k 4)00E 0 04 V.

to 4) 0 0 m

4.t3% 4 )'

>0co44 E4r-E 4.

40



A MODTRAN ALGORITHM FOR PREDICTING DIRECTIONAL
SKYSHINE IRRADIANCE

D.C. Robertson
Spectral Sciences, Inc., 111 S. Bedford Street, Burlington, MA 01803

J.A. Kristl
Stewart Radiance Laboratory, 139 Great Road, Bedford, MA 01730

B.P. Sandford
Phillips L c /yGPOA, Hanscam AFB, MA 01731-5000

A at ofempical alg•ithmns has been developed lo predict dte directional dependence Of. &ineia~diane calclated wit MODTRAN. They prvde a wpectrawbecbonlip
fucinthat allows skyshine to be predicted for atburay diPrecitions from just a few (four)

MODTRAN calulation The alitluns include the thermally emitted and multiply-scauered
skyshine radimane compoen which we not uniform in aimuth and elevation. This awach is
ap a &le many bwak und and tsintr models which ohmn apnxiare t inc idet
ukyshine by a corantst..usive calculatn pe nted to show its unnpct on caculation of
dte c skyshine signture cmponens.
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STATUS OF PLIGP HIGH RESOLUTION
RADIANCE-TRANSMITTANCE MODEL: FASCODE

F.X. Kneizys, G.P. Anderson, J.H Chetwynd, L.W. Abreu, ML. Hoke
Geophysics Directorate, Phillips Labortory, Hanscom AFB, MA 01731

S.A. Clough, R.D. Worsham
Atmospheric and nvironmental Research, Inc., 840 Memorial Drive, Cambridge, MA 02139

E.P. Shettle
Naval Research Laboratory, Code 6522, Washington, DC 20375

FASCODE, a line-by-line atmogtheric radiance-trnmtac code, has been released in a
Sversion, F .,C•3P (Mach 1992). As with previous versions, FASC0D3P is

applicable 10 spectral regions from the microwave to the midd ultraviolet, employing standard
spect W paui•nemr s supplied frm external line atlases. FASCOD3P is the only DoD code
cny iplementingall Hf AN92 dam, including the em-peranue-dependent CPC absorp
css section. Other imporant upg.u des include: weighted radiance algorithms, multiple line
coupling options. efcntweighting functions, LTE/NLTE line shape compatibility, and enhanced
output optons-
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HITRAN 1992: M3 (MULTI-MEDIA MILIEU)

L.S. Rothman
Geophysics Directome, Phillips Labonaomy/Optical Environment Division Simulation Branch

(OPS), Hanscom AFB, MA 01731-5000

A new edition of the s- ectoscopic mlecular database, HXTRAN, became avaiadble in
Match 1992. This current edition contains over 70 Megabytes of high resolution data of transitions
for 31 species and their atmospherically-significant isotopc variants. In addition, them is a file of
cross-sections for heavy molecular species, with bands at several pesenmtative temperattnes that
can be used for aumospheric reuievals with some codes such as FASCODE3P. HrITRAN is now
availab on alternative media: floppy disketes and optical CD-ROMK Unlike the mainframe-
standby nne-.ack magnetic tape, these media permit r•pd access and new user feanues. This talk
will summarize some of the major updates, impvements, and modifications to HITRAN as wel
as the new PC-oriented media options.
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HITRAN 1992:
M 3 (Multi-Media Milieu)

Laurence S. Rothman

Geophysics Directorate

Optical Environment Division
Simulation Branch (OPS)

Hanscom AFB, MA 01731-5000 USA

Abstract

A new edition of the spectroscopic molecular database, HITRAN,
became available in March 1992. This current edition contains over 70
Megabytes of high resolution data of transitions for 31 species and their
atmospherically-significant isotopic variants. In addition, there is the file
of cross-sections for heavy molecular species, with bands at several
representative temperatures that can be used for atmospheric retrievals
with some codes such as FASCODE3P. HITRAN is now available on

alternative media: floppy diskettes and optical CD-ROM. Unlike the
mainframe-standby nine-track magnetic tape, these media permit rapid

access and new user features. This talk will summarize some of the
major updates, improvements, and modifications to HITRAN as well as
the new PC-oriented media options.
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HITRAN'92

Details (of both 1991 and 1992 issues) to appear in
Journal of Quantitative Spectroscopy and Radiative
Transfer, Volume 48, 1992

Media options:
Magnetic Tape (9-track, 6250 P1)
CD-ROM
Floppy diskettes

HAWKS --
Faster publication
Supplemental files (CFC's; High-vib bands)

Next HITRAN Conference -- June 1993
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THE HITRAN MOLECULAR DATABASE:
EDITIONS OF 1991 AND 1992

L.S. ROTHMAN'
Phillips Laboratory, Geophysics Directorate

Hanscom AFB, MA 01731, U.S.A.

R.R. GAMACHE

University of Massachusetts Lowell, Center for Atmospheric Research
450 Aiken Street, Lowell, MA 01854, U.S.A.

R. H. TIPPING
Department of Physics & Astronomy, University of Alabama

Tuscaloosa, AL 35487, U.S.A.

C.P. RINSLAND and M.A.H. SMITH
Chemistry & Dynamics Branch, NASA Langley Research Center

Hampton, VA 23665, U.S.A.

D.CHRIS BENNER and V.MALATHY DEVI
Department of Physics

College of William and Mary
Williamsburg, VA 23187, U.S.A.

J.-M. FLAUD, C. CAMY-PEYRET, and A. PERRIN
LPMA, CNRS, Universit6 P. et M. Curie
4 Place Jussieu, 75252 Paris, France

A. GOLDMAN
Department of Physics, University of Denver

Denver, CO 80208, U.S.A.

S.T. MASSIE
National Center for Atmospheric Research

P.O. Box 3000, Boulder, CO 80307, U.S.A.

L.R. BROWN and R.A. TOTH
Jet Propulsion Laboratory

4800 Oak Grove Drive, Pasadena, CA 91109, U.S.A.

'To whom all correspondence should be addressed.

(to appear in ;JQSRT, vol. 48, 1992)
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New or Modified Parameters by Edition

199 1992
H2 0 *
CO 2  *j *,J

03 *
CO *

CH 4  * *

NO *
SO2  *"

NO 2  *•

HNO 3  *

HF * *

HCI

HBr

HI

Ocs *
N2  *

H20 2  * *

C2 H2  *

C2 H6

COF 2  * *

SF6  *

H2 S *
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Mokecule ( Isotopes # of Bands # of Unes

H20 4 134 48 523

CO2  8 592 60 790

03 3 76 168881

N20 5 140 24 125

CO 5 31 3600

.CH4  3 48 47415

02 3 18 2254

NO 3 13 7385

S0 2  2 7 26225

NO2  1 9 55468

NH3  2 9 5817

HNO 3  1 13 143021

OH 3 27 8676

HF 1 6 107

HCI 2 17 371

Har 2 16 398

HI 1 9 237

CIO 2 8 6020

OCS 4 6 737

H2CO 3 10 2702

HOCI 2 6 15565

N2  1 1 120

HCN 3 8 772

CH3CI 2 6 6687

11202 1 2 5444

C 2H2  2 9 1258

C2A 6  1 2 4749

PH3  1 2 2886

COF 2  1 7 46 894

SF6  1 1 11 520

H2S 1 1 661



Molecule Spectral Range No. of Number of

(cm,) Temps points per T

CCI3 F (CFC-11 ) 830-860 6 2023

1060-1107 6 3168

CýCI 2F 2 (CFC-12) 867-937 6 4 718

1080-1177 6 6539

CCIF3 (CFC-13) 765-805 6 2 696

1065-1140 6 5056

1170-1235 6 4382

C 2CI3F3 (CFC-1 13) 780.5-995 6 430

1005.5-1232 6 454

C 2C12F4 (CFC-1 14) 815-860 6 3 034

870-960 6 6067

1030-1067 6 2 494

1095-1285 6 12808

C2 CIF5 (CFC-115) 955-1015 6 4 044
1110-1145 6 2 360

1167-1259 6 6269

N2 0 5  555.4-599.8 4 93

720.3-764.7 4 93

1210.1-1274.8 4 135

1680.2-1764.6 4 176

CIONO 2  740-840 J 2 10 371

1240-1340 2 1 400

L 1680-1790 2 1 540

HN0 4  770-830 1 5476

CHCI 2 (CFC-21) 785-840 L 1 5 020

C1 4  786-806 1 I i 826

CF 4 i CFC-14) 1255-1290 6 2359

CHCIF2 (CFC-22)' 780-1335 6 6 11 798

HN03 ' 1270-1350 7301

t Omitted from HITRAN'91, added to HITRAN'92.
t Removed from HITRAN.If (already on high resolution portion).

65



r,,

0%
CP66



o 0

Q 0 c .q

> >'n0

U6



,U
0

ON •N q C)d

Cc$i
d 14)4,0 *a1 '

-0 c

0-
4~d0.- In

004-
GO co'S• • •V,-4 w tn.4

_• 0 •*- u,0•I

4. 4-AE).
co. :3., -0 0- 0

ucc 4.4)&-

4) 4. 00 -

].Vt

00

S. , - o • • • -o

680



coj

.mi . . .m .. .. . t IUo tV ta !

E~~ x wz:i X22
Cc) - -i... .G i C n St .

LLL n

2v MAR=:

() - cr
5 mm ma en.m~...

JULm-a~ -sama-

Pm-. a . m . 0a

- * ~ a a .0 ca - -

- ~ s.w

cc n a l s .ao

69!i~---~



4.4

MO

U7



* Mt 04 .rAx iiC
tt

2iin
a

P-4W '04 - m

71a



oz A

£I6

vi,

Aso mcA

a (k

722I



S•00
U) .l- Ul)~

o92 U)
C l) 0 _

Ua C,)U
.c 0 o0

L�UU) CD 0U-oCD 0) cf(Ici40
cc I ca cs C CY

to .@)> (Cf- U) C6 coc r.

> ca a)) n

oo(0D- D 0,a~ as

"--a - o ./0•
_.._ n.__ o.

0 00
U)-0  a -0

- 0) - CD0

~~bI~ >n 0  U ýc' /

:3 0) U

.50 0 a 0 0
0 c3



"ATMOSPHERIC

PROPAGATION

MODELS:

740



STATUS OF PL/GP MODERATE RESOLUTION RADIANCE/
TRANSMITTANCE MODELS: MODTRAN AND DERIVATIVES

FX. Kneizys, LW. Abreu, G.P. Anderson, J.HL Chetwynd
Geophysic Dirctorat, Phillips Laboratory/GPOS, Hanscom AFB, MA 01731

MODTRAN (public release: November 1990) is a 2 parameter (pressure and temperature)
band model code with moderate spectral resolution (2cm - full width-half maximum). The
MODTRAN band model p me -ere calculated by directly utilizing the HJTRAN-86 data
base. The resultant code is fully compatible with LOWTRAN 7 capabilities and has been
successfully validated against FASCODE.

Because of its relative accuracy and ease of use, MODTRAN is undergoing an applications
revolution. For instance, it serves as a primary foundation for.. AIJRZCL the Atmosphc Ultraviolet Radiance Integrated Code (Extension), describing solar
scatting and ansmittance to 0.15 microns.
&W. SHARC and MODTRAN, a newly envisioned rapid combined algorithm for surface to
space NLTE calculations.
MOART, Moderate Spectral Atmospheric Radiance and Transmittance Code, a combinatio of
the MODTRAN band model and the APART scene and cloud formulations.
E Fast Atmospheric Unified Synthesis Technique, a pragmatic limb viewing algorithm,
combining MODTRAN and SHARC path segments.
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1992 Annual Review Conference on

Atmospheric Transmission Models

STATUS OF PL/GP MODERATE RESOLUTION

RADIANCE/TRANSMITTANCE MODELS:

MODTRAN AND DERIVATIVES

F.X. Kneizys, L.W. Abreu, G.P. Anderson, and J.H. Chetwynd
Geophysics Directorate, PL/GPOS, Hanscom AFB

MODTRAN (public release: November 1990) is a 2 parameter
(pressure and temperature) band model code with moderate
spectral resolution (2cm-1 full width-half maximum). The
MODTRAN band model parameters were calculated by directly
utilizing the HITRAN-86 data base. The resultant code is fully
compatible with LOWTRAN 7 capabilities and has been successfully
validated against FASCODE.

Because of its relative accuracy and ease of use, MODTRAN is
undergoing an applications revolution. For instance, it serves
as a primary foundation for:

AURIC-E, the Atmospheric Ultraviolet Radiance Integrated
Code (Extension), describing solar scattering and
transmittance to 0.15 microns.
SAM, SHARC and MODTRAN, a newly envisioned rapid combined
algorithm for surface to space ILTE calculations.
HSR, Moderate Spectral Atmospheric Radiance and
Transmittance Code, a combination of the MODTRAN band
model and the PRA/APART scene and cloud formulations.
FAUST, Fast Atmospheric Unified Synthesis Technique, a
pragmatic limb viewing algorithm, combining MODTRAN and
SHARC path segments.
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GPOS RADIATIVE TRANSFER CODES:

LOWTRAN
MODTRAN
FASCODE

Low SBectral Resolution Transmission and Radiance (LOVTRANI

LOWTRAN (LOWTRAN7, 1989) is a low spectral resolution (20cm 1 )
code for predicting the atmospheric transmittance and background
radiance for line-of-sight paths at altItudes below 50 km over
the spectral range from 0 to 50,000 cm- . The radiance
includes, in addition to emission from 13 atmospheric gases,
contributions from single scattered solar and lunar radiance and
multiple scattered solar and thermal radiation. Direct solar
irradiance is also an option. A single parameter band model is
used for molecular line absorption (based on spectrally degraded
"exact" line-by-line calculations using FASCOD2 (see below), and
the HITRAN86 data base). Molecular continuum-type absorption
spectra (for H20, C02, 02, N2, and 03) have been developed
separately and subsequently incorportated into LOWTRAN.
Molecular scattering, aerosol and hydrometeor absorption and
scattering, and surface emittance/reflectance properties are
also included, as well as a self-contained spherical viewing
geometry algorithm that includes the effects of refraction and
earth curvature. Representative atmospheric gas, aerosol, cloud
and rain models are provided with options to replace them with
user-defined values. This fast-running code has long been the
standard for broad-band electro/optical systems design in the
ultraviolet through infrared frequencies. With the extension to
the microwave, the code can also be employed as a primitive
energy balance (climate) code. Future options will center on
maintaining parallelism with MODTRAN; see below.

Moderate Resolution Transission and Radiance Code: (NOPTRAN)
HODTRAN (NODTRAN, 1990) is a moderate resolution (2 cm-4) code
for predicting the atmospheric transmittance and background
radiance, appropriate for altitude regions not effected by non-
local thermodynamic equilibrium (non-LTE) signatures, generally
below 60km. A two-parameter (temperature and pressure) band
model is used for molecular line absorption, based directly on
the HITRAN86 data base, employing FASCODE exact calculations as
validation only. HODTRAN contains all the options and spectral
coverage (0 +o 50,000 cm7l) of LOWTRAN 7, including default
gases, aerosol, cloud and rain profiles, surface properties,
continua contributions, viewing geometry, and solar/lunar and/or
thermal direct or multiply scattered radiance. User-defined
input can replace default options. Because of its improved
spectral resolution and accuracy, NODTRAN is recommended as the
appropriate replacement for LOWTRAN 7 for systems evaluation,
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including transmission of aircraft and plume signatures.
Suitable scanning and filter options are available to match E/O
systems resolution. Note that NODTRAN explicitly contains
LOVTRAN 7 as an operational mode to facilitate comparisons.
Future options will include addition of: enhanced UV capability
(AURIC), man-made contaminant signatures (CFC's), suitable
modifications for climate simulations, and improved surface and
cloud properties (MOSART).

Fast Atmospheric Signature Code (FASCODE)
FASCODE, most recently released as FASCOD3P, a preliminary
version of FASCOD3 (1992), is a state-of-the-art line-by-line
transmittance and radiance simulation code. For atmospheric
cases, it has all the flexibility and default options (UV to mm-
wave, clouds, rain, surface properties, etc.) of IOWTRAN and
MODTRAN, with the exception of solar/lunar irradiances. The
altitude range is essentially unlimited (0-300km) but default
constituent profiles are currently specified only to 120ka.
Because it explicitly calculates the exact line shape for the
set of species specified by the HITRAN spectroscopic parameters
adjusted for local temperature and pressure, FASCODE can
accurately follow arbitrarily configured lines of sight,
including those that cross from Doppler to Voigt regimes and/or
intersect the surface. The code also has a non-LTE capability,
incorporating contributions from non-thermal emission sources,
given appropriate populations (as precalculated by SHARC,
below). FASCOD3P is the only DoD code that has fully
implemented the fluorocarbon cross sections in conjunction with
local heating/cooling rate estimates, enhancing its role as
validation standard, climate code, and "forward" radiance
algorithm for remote sensing. Operational speed of FASCODE can
be prohibitive for real time analyses, but the accuracy is
essential for evaluating more pragmatic algorithms. Future
endeavors include additions of: full vectorization, improved
line shape for remote sensing, solar capability with new
multiple scattering algorithm, and optimized feedback to
radiative/photochemica 1/dynamical programs.

Moderate Spectral Atmoapheric Radiance and Transmittance: NOSART
MOSART is a "spatially extended" version of NODTRAN, providing much
enhanced descriptions of constituent, aerosol, cloud and surface
properties. The no data bases and implementation algorithms for
the complex scene descriptors will be derived from the APART Code
(Photon Research Associates) but the spectroscopic foundation will
remain NODTRAN. All ongoing KODTRAN enhancements will be
maintained. This new code is expected to readily into SSGM.
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XODTRAN Authorship

F.X. Kneizyp, L.W. Abreu, E.P. Shettle1 ,
J.H. Chetwynd, G.P. Anderson, W.O. Gallery2 ,

J.E.A. Selby , S.A. Clough2

(PL/Geophysics Directorate)

and

A. Berk, L.S. Bernstein, D.C. Robertson
(Spectral Sciences, Inc.)

POC/LOWT.AN and KODTREA

Gail P. Anderson
PL/GPOS

Hanscon AFB, MA 01731

617-377-2335
617-377-2337

FAX 617-377-8780

AVAILABILITY

NATIONAL CLIMATIC DATA CENTER (NOAA)
CLIMATE SERVICE SECTION

FEDERAL BILDING
ASHEVILLE, NC 28801

704-259-0272

or

DoD Requests to G.P. Anderson
as, above
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1992 PLANS
HODTRAN: Evolution, Documentation, Mutations

IQOI)TR• MODTRANn AURIC MOSART SAN etc.

NEAR TK-

Geometry/Precision *SSI
03 9.6 micron band *SSI
1992 HITRAN database *SSI

IR CFC's

UV:
02 S/R Aerodyne
CFC's ?
S02, N02 ?

Via:
03 Chappuis ? ?

Multiple Scattering Caelum
Very Low Sun Solution AER?

PUOTOCMIBTRY-related -

Heating/Cooling Rates
FSC3 Validation

Photodissociation Rates ?

Climate Change Scenarios

INVERSION ALORITH DEVEWPMET -

Inversion Algorithm:
Feasibility ?
FSC3 Validation ?

SENTRAN Extensions SPARTA
A-matrix or wgt.fun. ?
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PATH DUS|RIPTO8 -

Cl imatologies:
Cloud, Aerosol ?
CFC's NRL

Image Properties: APART
Surface SSI/PRA
Clouds H/ U

Backgrounds E/

OTrM-

Compatibility
SHARC SSl
sSGN PRA/?
SMAART NRC/?
FAUST NRC/?

Cooperative Efforts
NASA
Model Comparisons Harvard
Ozone Depletion APL
ITRA/ICRCCK DOE/WHO
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THE ATMOSPHERIC ULTRAVIOLET RADIANCE INTEGRATED CODE
(AURIC)

C.C. Betchley, J.A. Conant
Aerodyne Research, Inc., 45 Manning Road, Billerica, MA 01821

G.P. Anderson, LA. Hall
Geophysics Directorate, Phillips Laboratory, Hanscom AFB, MA 01731

T1his proect is a multi-year effort to develop new capabilities for simulating backgumnd
radiance and transmission throughout the atmosphere, as viewed by ultraviolet sensor. The recent
focus has been to develop an initial version, built upon the existing MODTRAN modeL This
version extends the altitude range from 120km up to 1000km, and the wavelength range fiem
200nm down to 120nm.

The routines in AURIC were g•neraldz ed to handle more atmospheric layers than with
MODTRAN. The current dimenioning is for 100 layers, but can be changed by editng one file
and then r-compiling the soflwar The profile data in MODTRAN were then extndd o
1000km altitude, using data from the SHARC code from 120 km to 300 km and from the US
1976 Standard Atmosphere from 300 km to 1000 kIn. The Schumann-Runge 02 continuum and
band system model was upgraded using the model developed by K. Minschwaner of Harvard
Univm y. Cefficients fr a se o quadratic expressions in temperatm were derived to generate
"ap ' onatcross-sectiom at a resolution of 1.0 cm"r. Recent SUSIM solar data were added in the
120 to 400 mm wavelength region.
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SAM: SHARC &ND MODTRAN MERGED

A. Berk, D.C. Robertson, L.S. Bernstein
Spectral Sciences, Inc., I11 S. Bedford Street, Burlington, MA 01803

R. Sharma
Geophysics Directorate, Phillips Labomtory, Hanscom AFB, MA 01731

An effort to merg SHARC (50-300km) and MODTRAN (0-1201an) into a single,
semless, and fully correlated radiaxce code dubbed SAM has begun. SAM will employ a sinpie
curve-of-powth., include all MODTRAN features, and smoothly transitions into NLTE conditions
as they aise above 50Jan. The MODTRAN aerosol models will be incorporated into the NLTE
radiance calculidm, and an option to use multiple protiles for a single calculation will be made
available. An equivalent width radiative tanspxmt algorithm has been developed which is
applicable throughout the 0-300km altitude regime. Preliminary results will be presented.
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SMART MODEL FOR ATMOSPHERIC AND ASTRONOMICAL RADIANCE AND
TRANSMITTANCE (SMAART)

S.B. Downer, J.P. Kennealy, P.C.F. Ip
Mission Research Corporation, One Tarn Blvd, Suite 302, Nashua, NH 03062

F.O. Clark
Geophysics Directrate, Phillips Laboratory, Hanscom AFB, MA 01731

Dramatic changes are occurring in defense, requiring easily accessible backg radiance
descriptors for downward looking, TMD, and OPALS scenarios. A knowledge-based solution is
offered which fills these needs by combining the equilibrium lower atmosphere model and non-
equilibrium upper atmosphere model into a unified seamless single answer, SMAART.. SMAART includes an easily accessible guide for users in both the proper selections of the
codes and their execution. It implements a single interface to models with rapid respone validated
data bases to penmit rapid exploaton of parameter space, based on DoDISDIO Standard codes.
SMAART will als contain DoD Celestial Models, and runtime capabilities for MODTRAN,
SHARC and other PL Atmospheric Models. Accompanying this intelligent front end is an
extensive set of data analysis tools that will allow users to readily examine and compare results for
any of the SMAART modeling codes. Present and future capabilities are presented along with a
demnonstration of the first prototype, SMAART Version 0.5.
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ONCORE: THE ONTAR IMPLEMENTATION OF LOWTRAN 7

J. Schroeder
Ontar Corporation, 129 University Road, Brookline, MA 02146

Oncore [tn] is a user-friendly implementation of the Phillips Laboratoy/ Geophysics
Diecwrn's LOWTRAN 7 atmospheric trnsmission and radiance model The software will
opera on IBM (or compatible) personal computn in the MS-DOS environment or the
worksation UNIX environment.

The onoae package includes software for selecting inputs - with on-line help, viewing
result on the comute scren and producing bad copy outputs. Additional features include
utilities for expotng compatible files for many word pr•essing and desk top publishing

This presentation will demonstrate the oncore software, and discuss sample caklulations.
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MICROWAVE REFRACTIVE PATH CALCULATIONS FOR THE PHILLIPS
LABORATORY (GL) RADTRAN ATTENUATION/TRANSMITFAN

CE/BRIGHTNESS TEMPERATURE COMPUTER CODE

R.G. Isaacs, W.O. Gallery, R.D. Worsham
Aunospheric and Evt Research, Inc., 840 Memorial Drive, Cambridge, MA 02139

VJ. Falcone
Geophysics Directorafte Phillips Labmory, Hanscom AFB, MA 01731

The RADTRAN coptrcode was deveope by doe Air Force Geophysics Laboratory (GL) to-avi tm ohe&i atenuation and g m c for -`alamospheri
pat over the ftuency range from 1 to 3000Hz (Falcone et al., 1982). Ie atmospheric
attenuation submodels of the dear atmsph-e fog, cloud, and rain used in RADTRAN have been
thanaujgly documented (Falcone a, 1979). Th enhanced RADTRAN is described in Iacs et

a.(99.In addition to calculation of attenuation -rnmnne and brightness temperaure, thisW
version treats surface emissivity Isaac et al., 1"8), scatering pqro es of Precipitation uses
et aL, 1987), and mulip scatting (mn and Isaacs, 1987).

In this rwe describe an additional enhncement o include the curved earth and
iof path properties. e amray Ue algorithm is band on

die PL Optical Physics Division FSCASTM pro (Ga.l et al., 1983) which calculates the
inegMrae absorber amounts for FASCODE. This algorithm has bee adapted to the microwave
region ad is used to calculate de path abso'ber amounts for the atenuation and tamuta
mod of RADTRANAppli o to high incidence angle vieving will be discussed.
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ATMOSPHERIC TRANSMISSION MODELS FOR PASSIVE MILLIMETER
WAVE TARGET SIGNATURE SIMULATION

W.T. Kreiss
Horizons Technology, Inc., 9390 Ruffin Road, San Diego, CA 92123-1826

R.S. Dummer
R.S. Dummer and Associates, Inc., San Diego, CA 92131

Passive Millimeter Wave (MMW) sens have been seen as an adjunct to VISEO usnson
for mut-pcrlsurveillance, target deection, and tracking for several decades due to their

i opeetratingcapability. The "antenna problem" has been the main deterrent in
their sccessful applicaonCurrent work on sensor finmt-end desian, wd on improved signal

c algorithms = keeping the promise oftcombined e6. ol vidb systems alive.
uHowever, a mber of problems associated with MMW atmos0ei as i and radiance

.odling still nrumn to be resolved. For this reao several, exising MMW. .-
models, includin LOWTRAN 7, have been examined so assess tbeir capabilities ford s
these pbm Ts will describe tarýens 9 nar problems aociaed with

cstrucr nd , posion, and th abty of several MIM I •s iance
models to meet the requimensof aeial trgetig applications.

* 149



0

0 0

MIi II I lIk I0

C150 O



OI 0

0

I Wi 0 i i/

!'0'

S~151



Li *
jC

0F

""o <

1 5

El __E

152 O



.3
* I • , * .. l a

* *wa i . S.•o

*....... . . . . .

I i ............. wI...........
:::.I I III

k .

I.15.I



00

0 0

154



UUUII I*IE

OU

a" S

0 • U

U' 1
U) a

I "

S155



i- o 8

z •

-Jl

Ixx

tu

(M Yg0 B II !|! |

ol

0 ~j 156



0

o 0

00

IL.

0 " i8

'3w

2 0,
a. a,.0-

M~t ,

S~157

4a aU



180160 A r Surface and Atmosher

14 Pi tmios'
t
,

:Cos

180 Atmosphere

160

140

S'arfce Cntr Surface

100 - AtmosAoere Atpheee

140

Srtace "No Atmos phere
12so

120

E16 18 20 22 24 26 28 300

FRtEQU ENC Y, G1Iz ,SWVCi C,.TW

THE SURFrACE MND ATMOSPHER.JE COM]PONE•NTS OF THE DOWNWARD VIEWING

DRIGHTNESS TEMPERATURES OVER A WATER SURFACE FrOR THlE

THREE BASIC ATMOSPHERF..S WITH STANIDARD HUMIDITY PROFILES

ELI•

158

z=



2~4 -.

cc IA %Aow . . 0-
41~ C

a M M

ov E1' 741 IA L

0~~. CC.~0 E E

oL 0>o~ o1~4

0 C V .. M >

0 -0 41 m

0 0

*a

159



0

I-A

@00

a 0 ad

00 @0

Cu w

0 0,

00

01160



Firm4. hatgrolis ver68 ofdes ds~ wid visdflhemer.wavc of esa ,secton Su"C 07c

was 90knkw MASA Iftphogqoa 161



E•

.2 ICA

SIZ

PC C 0 fto ada
E,, C

a) z

16

11 .

- I-
- Eu

Eu 0 - 0
162 O(



06

L_:

aCD z

- a-• •

S4/) CLa

Cil
O )163

I I I,



%A1

C) 
0 g

CC

0

Oma C6

00

_ W

o L6 4

0 IA C- = --o ~~ 4,4u 0u
-.T E c , - 4

.0E E CL '

00 oJ0

0> 0
C CC -0

OCC

C ~ 14,-



iu
40

C

41
c E-

C

o 0.--.-.. 4Iz

o ,
o 2Go

.- U,

LUI

00
2I

LL

165ci



S

E WOZII
.1k!'" .2

isi

4. I
At i

166 .



0

0 - 1 00 -

0 C.

0•• 6-100 0

<m - .2

ft E ";; on."

w0..

to w IAi
0 16I

IA4

c E

S167

•1 L6 i | II



00Q

0A IAt

0 Go m~ .
41 _j

z ~
r 1 - 41 E E0

Ql 2!

U~ ~ OAC ~ E
W @0

E ~ A C Z 0

7; 0-s*
o - 0~.U

%A. _0 a- -%n Q. wl = CL
Q ~ -c 40 - E 0

e 0
AA -41

;A C C C9 'E r

0L 0 0L

Iil
168



CC

Inc

a

ot
404 0 A L

0)IL0
'Cc

k. to

I-) 0

0 W
0,

OfEH)4gpf ~l

to

01)



=0 8

0~0

c o

*5 -4,0

SCc

(oes0z4H) 4IPIMtPUISSSWIJ

170



w~ IE

£ oc

UU)

Ca4
0a

= U.

s i

ccm soit 45 U

cE

40)

U' 0

ia, iiCC
Iil

* 171



i " 8
u

Cx

" "Zoe ( 0

71 C = *-n E-

*0 e

F-'~4 U #I.. ct

140

aI Ii

z -~

EE
Coe -10Z

c)

WV) U

ccj

172



lo U

0 0 1
o IA
II e

00

E E

o 0 0

'E ,li l !

> ~04

*a' .: €=

m cc

(U!^lti)l psienbS Isiolail) UO~l~loS lsOJO)•

O 173

S. . . . , .i i £ / i0 .i . . m •



c

-00
00

cr% 00

IV~

60 =I 2 0 - 0 -

o~ cu c cC

0 0

coo

4) Al

174



I zII I II I I

. .

JCC

0

en on in h

I0

C4 CS 9 -- C

. ""d•3J.. SS3N.LUIDIUU

c 175



ii IlI

* •*

,A
~~4,,I.°.

tV

... ... . 4• - • :Il

17



MODEL = BACKFIRE
ALT= 10 KM SURFACE LAND
HEADING =0.0 SFC TEMP = 290 K
YAW = PITCH = ROLL = 0.0 DEC SFC TYPE = VEGETATION
EARTH CENTRAL ANG = 0.0 DEG SFC FRACTIONAL COVER 0.75
TGT TEMP = 250 K SFC DIELECTRIC CONST = 10
SENSOR ALT = 0.0 KM SFC BACKSCATT COEF = 0.2
CENTRAL OBS FREQ = 35 GHZ CLOUD = NONE
BANDWIDTH = I GHZ CLOUD BOTTOM =
ATMO = US STD CLOUD THICK =
SOLAR IRRAD• -0.0 W M2 CLOUD LWC=

OBSERVER DISTANCE - 10 KM
MEAN ATMO XMISSION = 0.9350
TGT PROJ AREA = 290.9 SQ M
BACKGND TEMP =21.1 K
MEAN TGT TEMP = 249.7 K
MEAN APPARENT TEMP = 213.7 K ...K_ ....
MEAN INHERENT TEMP = 228.6 K - -
"TOT APPARENT CONTRAST = 10.13
TOT INHERENT CONTRAST = 10.83
APPARENT/ INHERENT RATIO a 0.9350
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0

MODEL = BACKFIRE
ALT = !0 KM SURFACE = LAND
HEADING = 0.0 SFC TEMP = 290 K
YAW = PITCH = ROLL = 0.0 DEG SFC TYPE = VEGETATION
EARTH CENTRAL ANG = 0.0 DEC SEC FRACTIONAL COVER = 0.75
TGT TEMP = 250 K SFC DIELECTRIC CONST = 10
SENSOR ALT = 0 K SFC BACKSCATT COEF = 0.2
CENTRAL OBS FREQ = 35 GHZ CLOUD = WATER
BANDWIDTH = I GHZ CLOUD BOTTOM = I KM
ATMO - US STD CLOUD THICK = I KM
SOLAR IRRAD - 0.0 W / M**2 CLOUD LWC = 0.25 GM/ M**3

0

OBSERVER DISTANCE = 10 KM
MEAN ATMO XMISSION - 0.88
TGT PROJ AREA = 290.9 SQ M
BACKGND TEMP = 36.3 K
MEAN TOT TEMP 252.7 K
MEAN APPARENT TEMP = 190.5 K
ME, ^4 INHERENT TEMP = 216.4
TGT APPARENT CONTRAST = 5.244 - - -
TGT INHERENT CONTRAST = 5.959
APPARENT / INHERENT RATIO = 0,88

2.78



MODEL = BACKFIRE
ALT= 10 KM SURFACE = LAND
HEADING = 0.0 SFC TEMP = 290 K
YAW = PITCH = ROLL =0.0 DEG SFC TYPE = VEGETATION
EARTH CENTRAL ANG = 0.0 DEG SFC FRACT IONAL COVER = 0.75
TGT TEMP = 250 K SFC DIELECTRIC CONST = 10
SENSOR ALT = 20 KM SFC BACKSCATT COEF = 0.2
CENTRAL OBS FREQ = 35 GHZ CLOUD = NONE
BANDWIDTH - 1 GHZ CLOUD BOTTOM =
ATMO = US STh CLOUD THICK =
SOLAR IRRAD = 0.0 W M**2 CLOUD LWC =

OBSERVER DISTANCE = 10 KM
MEAN ATMO XMISSION = 0.9963
TGT PROJ AREA - 288.3 SQ M
BACKGND TEMP = 260.9 K
MEAN TOT TEMP = 30.96 K
MEAN APPARENT TEMP = 229.1 K
MEAN INHERENT TEMP = 229.9 K
TGT APPARENT CONTRAST =-0.8781
TGT INHERENT CONTRAST = -0.8813
APPARENT/ INHERENT RATIO = 0.9963 /-/- - '
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ABSORPTION CROSS SECTION MEASUREMENTS OF SCHUMANN-RUNGE
CONTINUUM OF O AT 78 K AND 295 K

K. Yoshino, JR. Esmond, WJL Parkinson
Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138

We measured the phooabsorption cross sections of the S-R continuum at 78 K and 295 K
in the wavelength region 130-175 nm. The 1-m Seya-Namioka vacuum spectrometer on the BL-
12A beam line at the Photon Factory, KEK, Japan was used, in the first order, with synchroto
radiation as a background continuum. MThe msuements have been performed on a relative scale
in scanning mode and also on the absolute scale at every 5 mn interval. These absolute cross
section measurements of 02 have been used to put the relative cross sections on a firm absolute
bais thoughout the region 130-175 nm. Temperatur effects on the cross sections of the S-R. continuum are clearly seen and cross sections at 78 K are about 80% of those at 295 K. The
observed cross sections at 78 K are limited to absorption originating from only the v"=0 level.

"WTis work is supported by NASA grant NAd5-484 to Smithsonian Astrophysical
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Absorption Cross Section Measurements of Schumann-Runge

Continuum of 02 at 78 K and 295 K

K. Yoehino, J.R. Esmond and W.H. Parkinson

Harvard-Smithsonian Center for Astrophyuics, Cambridge, MA 02138, U.S.A.

We measured the photoabsorption cross sections of the S-R continuum at 78 K and 295

K in the wavelength region 130-175 nm. The 1-m Seya-Namioka vacuum spectrometer on

the BL-12A beam line at the Photon Factory, KEK, Japan was used, in the first order, with

synchrotron radiation as a background continuum. The measurements have been performed

on a relative scale in scanning mode and also on the absolute scale at every 5 nm interval.

These absolute cross sections measurements of 02 have been used to put the relative cross

sections on a firm absolute basis throughout the region 130-175 nm. Temperature effects on

the cross sections of the S-R continuum are clearly seen and cross sections at 78 K are

about 80% of those at 295 K. The observed cross sections at 78 K are limited to absorption

originating from only the V--0 level.

This work is supported by NASA grant NAG5-484 to Smithsonian Astrophysical

Observatory.

190



4)

4J v44 C

4.10)0

<0 '

4J4

0
14) e 94)V5

-A <
0 4J

4JJ
-3 rij

00

.4.) 0

AA
@2 14V i

191 .4



E-4

00
U)4a4

cce0 0

0) E -4I I "-

E7 0 00 0

1-4 0z, .

0

Z9 0

0

0

to l 0 to

1921



Electrons

per cm3  Temperature

300- F 106

E 10' Thermosphere

100-D Mesopause

Mesosphere

------ Stratopause

30-
3r .Sýtratosphere

10f - --- -- -- Tropopause
Troposphere

0 300 600

T (K)

e 193



w 0.
0 +

.40
04.

.4-4 0 CV

w. 0 ;

0 e L
z .0 0 w 0

14 140 I
o C10 e r. 0

-4 04 r.t
%0 14 00

I) cm b o C 2.-

v1 1 14

0 U~O 0 0 0 1
0 bo 000

$4 k 4J 0' CO
-I-4) U) 0 0 CC - -

w ~~41 40 6

ea '-0 0 4j )

;4 r. 4) W W.a1.'

14 0. r. t 0 1

0194



C8 to

to

4 CD

4:..

Coi

0o m

m. Inl

0 L

rr

.2e*

junoCD

195



In

' 00
U)

- ° d-
44.

o -.CO.

4--P

44a

104 .. . .. .. ..S44: ........

T Cm

'~~I '•/-....I - i t'

"'-' '- -" .I

oT C -... 
I -. ..

o wunoo

196

1960



cvcm

Cp c

4) In

U2U
o 4

4) C)

to
U)

0

.00

4)-

C)) -

a;
N

o)
Co
o) jnoCo

197



-H-H -H-H -H -H -H- +-H-H -H-H -H-H -H-i -H-H -H-H
t o V- CO) coV-00

V-4 IImMk Iwo0 WOO CD0 r- 0)t- "-Ito t-co 10-4
0 q tot~10- o00 10'v c.q- cq cn0) t-C' a000 C')v

bb-
00 0093% ~11 )-4-C~,q '00

4J

* >

00 ov .-4WI tO -10 000 ow t)- 0000

'Hm 0 0' -4m0 0-t0 00 1000 1400 0,-q w

90 oc~ 00 00 00 00 00 co 00 00( 0"4*

*i I

m '-4 "i o cwn t-C-34 ot 0 10' o-4 r-'-4 0)0 N
$4 100 10o O -4v 0 V t-4' MW1 .-410 No 0)0 EV0

$40 9: $4 0) LON1 t-' M)-4 4 CD '-4C'n -IM0 r4M0 v-400 OV

0)1- .-4to 0CQ 0.-4 00 00 00 00ý 00C C 0*

-4

v.4 1-.-

o 6 ~0010 010 01980001 0000001 0001



0 m

I .. .. .... . ... .... ....

in

0

. .. .. .. . .

.L) 0 0 .

UC)

cm

M wt

o199

0 2k

ran

CD t

.. ... .

W-

6i

CD to

0 junoCo
-4

0 199



00

o

co

C)

o

a.

0 L

0
I ' I K

- 0 It)
( ruo,-oT_ jo s7run uT) D

200



0000 A

0 1i I I I I I I I I

0

00

x uJI ae and StIn (1968).

-1

b .-

0

0

170130 nm

55000 80000

-170.



Se

40

I "S

0 Q

"W W

U

x CW

4..

II

00

it oIm No1E33S SSOU3

4WD

w cc

I w
U •

z IWoz c a0

u 
00

U 0

- Is
N -g'

a at 2N 2 N

202 0



THE SPECTRAL RADIATION EXPERIMENT (SPECTRE): AN OVERVIEW -
CLEAR-SKY OBSERVATIONS AND THEIR USE IN ICRCCM

R.G. Ellingson
Department of Meteorology, University of Maryland, College Park, MD 20742

WJ. Wiscombe, V. Kunde, H. Melfi
NASA Goddaid Space Flight Center, Code 613, Greenbelt, MD 20771

L. DeLuisi
Air Resources Laboratory, NOAA/Environmental Research Laboratory, Boulder, CO 80303

D. Murcray
Department of Physics, University of Denver, 2400 S. Vine, Denver, CO 80208

W. Smith
Space Science & Engineering Center, University of Wisconsin,

1225 W. Dayton Street, Madison, WI 53706

Surface-based, high resolution observations of the spectral radiance in the 3 to 20 pm region
wee obtained simultaneously by thrme FIR spec etsconcurrently with insitu and remote
o tions of am spheic tempeatue and water vapor ofiles and trace gases C02, CHa4
N20, 03, FIlI and F12 as part of the FIRE Cirkus l field exp ent. The eters were
self- and inter-calibrawd in the field to achieve cloe to 1% accuracy. The presenta will
sumnmariz the dat obtained for selected dear-sky cases, and comp of model calculations
with observatiom will be used to illustrate how the dat may be used to clarify uncertainties
anociawd with calculations of the effects of trace gases as fo=n by the international
ntercomparison of Radiation Codes in Climate Models (ICRCCM).
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ON THE USE OF GROUND-BASED REMOTE SENSORS TO PROVIDE
TEMPERATURE AND MOISTURE SOUNDINGS FOR ATMOSPHERIC

TRANSMISSION MODELS

J.C. Liijegren
Battlle, Pwific Northwes Laboratory, Richiand, WA 99352

R.O. Knuteson
University of Wisconsin, 1225 W. Dayton Stat, Madison, WI, 53706

A geral oal of the Aunosphuic Radiation Met (ARM) Pgmof the DOE is io
Wvance the me-of-the-a-t for models of atmospherc transmission through comp11fiso of modl-
calculated radance specat with measured specta. ARM will rely jiwma on ground-baed,
-w senuo wn to, acquire fth input temperature and, modiswutuepols taesy with the

Tosupptsstrat•egy, wc pesmt compisonao mea d infraud
rdn spectra with spectra calculated using FASCODE for two balloon-borne systms, NCAR-
CLASS and NWS, and two remote sensing systems, the NOAAJWPL 6-channel m owave

plr(MW?) and tthe. Hihreou ionIfra Sounder (HIS), which wene co-loaned and
NzMIlae l operted durig he Goud-based Atopec Mrfing EXperiment (GAFEX)
de.crbed by Smi et aL (1990). Our results show tha, at l for th relaively dry conditions

wZ ald during GAPEX, th calculations based. on h remoe s r-based prfile were
t as as accurate as those using the bdloon-bame systems.
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MODEL CLIMATOLOGIES OF TRACE SPECIES IN THE ATMOSPHERE

ME. Summers
Naval Research Laboratory, Upper Atmospheric Physics Branch, Washington, DC 20375

WJ. Sawchuck
ComputationPhysics, Inc., P.O. Box 788, Annandale, VA 22003

G.P. Anderson
Geophysics Dizectoraft, Phililips Laboratory, Hanscom AFB, MA 01731

A set of model chmuoiI s of i*pc- at cheoically and c active trace species in the
hes bbw deveoped• •rusew codit. atoshei.~3 chaolge include mofthl mean pmsu A.----erauuMensity fields along with N2. 02, 03, 0,

%0o, CK, K CO, N02o N2o, ad HNO3 wh4ich "m ent zonally averaged abundances for
the altitude imn 0- 12D kkm, at 10 de!!e latitude intervals For 03 and 0, day/nig raios a
tauatd l 5dmaloi inorort Observations of umc species abundances wher available
and validated m ex rap ns in other r=oa Variances about the monthly mean values
have been deduced f•m ervaonal data sets and provide estimates of variability in the
constituent fields 7w generation of the climaologies will be discussed and selected pardons will
be shwn. Community acces to the climatogi will also be discussed.
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MODEL CLIMATOLOGIES OF TRACE SPECIES IN THE ATNOSPHERE

N.E. Summers, Naval Res•rch Laboratory

N.J. Savchuck, Computational Physics, Inc.

G.P. Anderson, Geophysics Directorate, Phillips Laboratory

Presentation at:

ANNUAL RrEVIW CONFEECE 9O ATMOSPHERIC TRANSMISSION NODELS
2-3 June 1992
Geophysics Directorate, Phillips Laboratory
Hanscos AFS, MA 01742
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MODEL CLIMATOLOGIES OF TRACE SPECIES IN THE ATMOSPHERE

M.E. Summers
Naval Research Laboratory, Upper Atmospheric Physics Branch, Washington, DC 20375

WJ. Sawchuck
Computational Physics, Inc., P.O. Box 788, Annandale, VA 22003

G.P. Anderson
Geophysics Directorate, Phillips Laboratory, Hanscom AFB, MA 01731

A set of model climatologies of important chemically and optically active nice
species in the atmosphere has been developed for use with atmospheric
radiWacnsminance codes. The new climamologies include monthly mean
pressure/empertture/density fields along with N2. 02.,03. 0. H20, CH4. C02. CO. N02,
N20, and HNO3 which represent zonally averaged abundances for the altitude range 0 -
120 km. at 10 degree latitude intervals. For 03 and 0, day/night ratios are tabulated. The
climatologies kncorpoate observations of trace species abundances where available and
validated model ations in other regions. Variances about the monthly mean values
have been deduced from selected observational data sets and provide estimates of variability
in the constituent fields. The generation of the climatologies will be discussed and selected
portions will be shown. Community access to the climatologies will also be discussed.
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TRACE CONSTITUENT CLIMATOLOGY DATABASE

GRAPHICAL INTERFACE

and

TAPE FORMATS

Wliam J. Sawchuck

Computatina Physics, Inc.

Anaugjule, VA

and

Michad E. Sums

R. 0. Hwkrt Cer for Space Research

Naval Resarch Liovutrv1 , Wasklingtu, DC

18 may 1992
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II. DATABASE CONTENT

The Trace Constituent Climatology Database currently consists of 27 individual pa-

rameter fields. These fields are classified as follows:

Reference Atmosphere Climatology

(1) Pressure
(2) Temperature
(3) Density

Ozone Diurnal Variability

(4) Average Night/Day Variation of 03 mixing ratios

Trace Species Climatology (Mixing Ratios)

(5) O3
(6) H20

(7) CO
(8) C02
(9) CH4
(10) NO2
(11) N20
(12) HN03
(13) 0
(14) 02
(15) N2

Trace Species Variability (Std. Dev.)

(16-17) 03
(18-19) H2 0

(20-21) NO2
(22-23) HN03
(24-25) N2 0
(26-27) CH4

226 0
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FAR-WING LINE SHAPE CONTRIBUTION TO THE WATER CONTINUUM:
RECENT RESULTS AND FUTURE DIRECTIONS

R.HL Tipping
Department of Physics and Astronomy, University of Alabama, Tuscaloosa, AL 35487

Q.Ma
Institute for Space Studies, Goddard Space Flight Center, New York, NY 10025

A far-wing line shape theory has been developed and applied to the calculation of both seff-
and N2-brosdened water lines. This theory is based on the quasistatic and binary colisimon
p m and utilizes only known parameters obtainable from ote me ements (line

spoiton, interaction potenial Parameters, and muliple moments). The resulting
ciu absorpo coeffi t is in good agement, in both its magnitd ad its tenmpernate.endence, with existing experimental laboratory m veaem s. Somrefinements in the model
ad fumt directions will be discussed briefly.
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PAR-WING LINE 8BAPE COTRIBUTION TO TIM WATER CONTINUM:

RECENT RESULTS AND FUTURE DIRECTIONS

R. H. Tipping

University of Alabama, Tuscaloosa, AL 35487

and

Q. Ma

Institute for Space Studies, Goddard Space Flight Center

New York, NY 10025
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1. INTRODUCTION

2. FAR-WING LINE SHAPE THEORY

APPROXIMATIONS

INPUT DATA

3. COMPARISON WITH EXPERIMENTAL DATA

4. FUTURE DIRECTIONS
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INTRODUCTION

101) IMPORTANCE OF MILLIMETER AND

INFRARED RADIATION IN ATMOSPHERES

(1) Controls the energy balance and

affects the climate of the Earth.

(2) Widely used in remote sensing,

atmospheric communications, etc.

(3) To determine characteristics of

planetary atmospheres from

experiment data.
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1.2) ATMOSPHERIC WINDOWS AND

CONTINUUM ABSORPTION

OPAQUE REGIONS AND WINDOWS:

The opaque regions are mainly determined

by H2 0 lines, along with 02 and CO2

lines. Between them there are ,,WINDOWS",.

THE WEAK ABSORPTION IN WINDOWS:

(1) Some weak local lines of H2 0, 02

and CO 2 .

(2) A gradually varying background,

i.e. continuum absorption.
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1.3) BASIC CHARACTERISTICS OF CONTINUA

There are two kinds of water continua:

(1) H2 0 - H2 0 (self) continuum

(2) H2 0 - N2 , 02 (foreign) continuum

Usually, the self-continuum is dominant.

CHACTERISTICS OF THE SELF-CONTINUUM:

(1) Varies smoothly with frequency.

(2) Proportional to n2

(3) Very strong negative temperature

dependence.
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1.4) MAIN THEORIES OF WATER CONTINUUM

THREE MECHANISMS FOR SELF-CONTINUUM:

(1) Collision broadened far-wings of

allowed water vapor lines.

(2) Collision-induced absorption.

(3) Water dimers.

All three mechanisms vary as n2

but there are large differences in the

temperature dependencies and in the

magnitudes of the absorption.
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2. PAR-WING LINE 8HXPS TREORY

a(w) = (4i 2/3Ac)n.w tanh(A/2kT)[F(w) + F(-w)] (1)

F() = Im (2i 2i)" j dw' Tr[ .(w-w'-L,)"

X <(wI'-LI)"P P*>b p(4A.] (2)

P. W. Rosenkranz, J. Chem. Phys. 83, 6139 (1985).

P. W. Rosenkranz, J. Chem. Phys. 85,163 (1987).

Q. Ma and R. H. Tipping, J. Chem. Phys. 93, 7066 (1990).

Q. Ma and R. H. Tipping, J. Chem. Phys. 93, 6127 (1990).

Q. Ma and R. H. Tipping, J. Chem. Phys. 95, 6290 (1991).

Q. Ma and R. H. Tipping, J. Chem. Phys. 96, May 15 (1992).

Q. Ma and R. H. Tipping, J. Chem. Phys. 97, July 15 (1992).
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APPROXIMATIONS

1. BINARY COLLISION APPROXIMATION

p (it)= nb eV(r)Ikt

V (r) ( + Vi(r)

Vi.(r) = Ca6[ (a/r)' + (a/r)6]

2. QUASISTATIC. APPROXIMATION

< (w, -LI)' P(,n>b

<...> -> 423 ... rdr
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3. BAND-INDEPENDENT APPROXIMATION

a(w) = ,,j(W)
vivj

vivj(Cn) = n¾ S.j[w sinh(hoa/2kT)l/(l[,ij sinh(hAi,j,/2kT)]
•OVivi>0

X 7r{+(W) / (W-Wvj) 2 + O(W+Wvivj) / W
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INPUT DATA

POTENTIAL PARAMETERS

C, a, t,, Q

SPECTROSCOPIC PARAMETERS

(HITRAN DATABASE)

S-, E1, (Ad
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4. FUTURE DIRECTIONS

A. MORE REALISTIC POTENTIAL MODEL

B. CORRECTIONS TO QUASISTATIC APPROXIMATION

C. INTERFERENCE BETWEEN ALLOWED AND

INDUCED DIPOLE MOMENTS

D. VALIDATION WITH NEW DATA WHEN AVAILABLE
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TOWARD AN IMPROVED WATER VAPOR CONTINUUM MODEL

S.A. Clough
Atmospheric and Environmental Research, Inc., 840 Memorial Drive, Cambridge, MA 02139

A model for the water vapor continuum based on the m-nts of Burch [1), has been
reported by Clough et al. [2,3]. Since the definition of the continuum is inextricably related to the
line contribution associated with the radiative transfer program with which it is used, a consistent
analysis of the data is essential to the popm treatment of the problem. To obtain an improved
water vapor continuum model, the local line contribution consistent with the line-by-line program
FASCODE has been carefully and systematically removed fron the extinction -meau mts made
in the microwindows of the water vapor spectrum by Burch [I]. Other marements based on the
transmitc over a is atmospheric path and radiances fir an inhom e
atmospheric path are being considered in the analysis. An improved line shape including the
effects of dmil balance is being developed on the basis of these . The results from
the present model are compared with recent dhoretical results of Ma and TWipng [4].

1. Burch, D. E., Continuum absorption by H20, M AUIL-TR-81i 00, 32 pp, Air Force
Geophys. Lab., Hanscom AFB, MA, 1981. AD,112264
2. Clough, S. A., F. X. Kneizys, I. W. Davies, R. Gamache, and R. H. Tipping, Theoretical
line shape for H20 vapor. application to the continuum, in Ax c WL te Vano. edited by
A. Deepak, T. D.Wilkerson, and L. H. Rhunke, pp. 25-46, Academic Press, London, 1980.
3. Clough, S. A., F. X. Kneizys, and K. W. Davies, Line shape and the water vapor
continuum, Atmemaerie Rewmbh 23. 229-241, 1989b.
4. Ma, Q., and K. H..T .pping, A far wing line shape theory and its application to the water
continuum absorption in the infrared region (I), L Chem- EbAL in press, 1992.
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A CORRELATED K-DISTRIBUTION MODEL OF THE HEATING RATES FOR
CH4 AND N20 IN THE ATMOSPHERE BETWEEN 0 AND 60KM"

K. Grant, A.S. Gross
Lawrence Livermore National Laboratory, P.O. Box 808, L-262, Livermore, CA 94551-9900

An infrared radiative transfer model using the correlated-k technique is being developed for
use in atmospheric chemistry and climate models at LLNL, as well as for stand-alone radiative
diagnostics. This implementation of the correlated-k algorithm will provide a computatioally
efficient means to calculate atmospher adiative fluxes and heating rates. It will also allow for
both time-varying gas concentation and for the rapid inclusion of new gases into the model

We present the results of our prototype model of absorption by CM1 and N20 in the 7-9
micron wavelength band. The correlated-k algorithm maps the highly stucured absompon. coefficient versus wavelength relationship into a substantially smoodter monotmk relationship
between the absorption coefficient and its cumulative probability distribution. This provides a
substantial reduction in compumtional complexity relative to line-by-line calculations, while
maintaining a high degree of accuracy.

*Work performed under the auspices of the U.S. Dept. of Energy by the Lawrence Livermore
National Laboratory under contract No. W-7405-Eng-48.
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Abstract

An infrared radiative transfer model using the correlated-k technique is being developed for use
in atmospheric chemistry and climate models at LLNI, as well as for stand-alone radiative
diagnosics. This implementation of the corelated-k algorithm will provide a computationally
efficient means to calculate atmospheric radiative fluxes and heating rat. It will also allow for
both time-varying gas concentrations and for the rapid inclusion of new gases into the model.

We present both a general background of the c-k method and the results of applying our
prototype model to absorption by CH4 and N20 in the 7-9 micron wavelength band. The
correlated-k algorithm maps the highly structured absorption coefficient versus wavelength
relationship into a substantially smoother monotonic relationship between the absorption
coefficient and its cumulative probability distribution. This provides a substantial reduction in
computational complexity, relative to line-by-line calculations, while maintaining a high degree
of accuracy.

L Introduction

Infrared radiative transfer models are used at LLNL both as stand-alone diagnostic tools
and as important components of mor: general atmospheric models. As diagnostic models, we use
radiative transfer models to calculate the radiative forcing to the surface-troposphere system due
to potential changes in trace gases concentrations, aerosols, or clouds. For example, such
radiative forcing calculations are an essential step in deriving global warming potentials (GWPs)
for trace gases. These GWPs provide an approximate index of the time-cumulative radiative
effects of a unit emission of a specified trace gas relative to the comparable effect for CO2.
Another diagnostic application of our efforts in atmospheric radiative transfer modeling has been
the calculation of stratospheric temperature changes forced by observed decadal changes of
ozone mixing ratio profCls.

As integral puts of global and regional chemistry mod md of climate models, we use
infrared radiative transfer models in calculating vertical profiles of net heating rates. Such
heating rate profiles are a vital part both of calculating the atmospheric circulation within global
models and of estimating the chemical and temperature feedback effects from potential

UOR49" 4-
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anthropogenic race gas emissions. As a requirement of our global modeling efforts, we are
emphasizing the development of radiative transfer models that maintain accuracy into the upper
stratosphere and that are implemented with the flexibility to handle time varying profiles of
temperature and radiatively active overlapping trace gases.

A current focus of our efforts is the development of an infrared radiative transfer mod-,!
which can provide a substantial reduction in computational complexity, relative to line by line
calculations, while maintaining a high degree of accuracy. In a recent publication (Lacias and
Oinas, 1991. "LO"), a method was described for teating transmission calculations in infrared
radiative transfer problems for a vertically inhomogeneous atmosphere in which ther is non-
gray gaseous absorption. The method known as the corelated k-distribution utilizes a mapping
of the opacity-frequency relation into an opacity-probability relatiotn within a particular
frequency interval. The probability variable g(k). the cumulative distribution function, is defined
as

S(k)=jfpe)dM'. (1)
0

whereftk)dk' is the fraction of the frequency interval occupied by absorption coefFicients
between k' and k'+dk (Goody and Jung, 1989. "01 "; Goody et a., 1989, "G2"; and West et at.,
1990. "W I"). The limits of g(k) range between 0 and I within the frequency intervaL The inverse
of Equation 1, k(g), the k-distribution, has been shown by LO, 02, and WI to be a monotonic
function across the frequency interval for a particular atmospheric layer. The correlated-k
method can mathematically provide an exact procedure for calculating the transmission and
heating rates in a homogeneous atmosphere. For the case of inhomogneons atmospheric paths
the method is, in practice, inherently inexact since somewhat different sets of fiNqueicies will
associate with a given ordering of the k terms as the pressure and temperature vary over the path.
If the fractional error caused by the use of the correlated-k method to calculate the transmission
for inhomogeneous paths is tolerable, then the method offers an attaive means for computing
radiation fields in real atmosphers.

The calculation of the transmission can be expressed in the three physically equivalent
forms:

T(u) = I / AvJ exp (-k,)dt

=jf(R)exp(,Vu)dMe
0

=Iexp(-k(g)u)d,
o (2)

where u is the absorber column density. Using the k-distribution form, the calculation can be
performed using far fewer k-g points than the same calculation using k - v (frequency) points.
Thus the k-distribution method has the potential of being a much more computationally efficient
method of doing radiative transfer calculations within the earth's atmosphere when mpared to
line by line or narrow band models while retaining many of the numerical advantages of an
explicitly exponential, monochrnmatic calculation. For example, scattering may be readily
handled with tl, correlated k-distribution model, but not with band models.

.amcDI92.dtj -2-
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The opacity model used by LO for the molecules CM-1 and N20 was a Malkinus band
model (Malkmus, 1967; Rodgers, 1968) for the transmission function,

T(u) = exp{-xBi2[(I + 4SuirB)O - illD

where the parameters S and B are obtained by fits to the mean absorption line strength, mean
absorption line half width,.and mean line spacing in the frequency interval. The probability
funcdmtiok) in Equation I has been shown to be the inverse Laplace transform of Equation 3 by
Domoto (1974) and is given by the expression (LO);

f(k) = 0 . 5k-31 (BS)'1 exp{xB/4[2- Slk - k/S]}. (4)

The k-istributions used by 10) for CM and N20 were obtained using thejtk) relations derived
fromn the Malkmus band model. Excellent fits to the CH4 and N20 heating rates were obtained by
LO using the Malkmus model with parameters empirically fit to give the best agreement with
line by line calculations.

An more direct and inherently more accurate method of obtaining k-distributions has been
used by G2 and by Freedman and Pollack (1990, "FP"). This method involves a dimet line by
line calculation of the opacity-frequency relition and a direct numerical sorting of this data to
obtainr k) and the k-distribution, k(S). The advantage of doing this is that the Mallanus
formulation is bypassed and the assumptions, such as Lontz line shape intoduced into the
problem by the Malkinus moxde are avoided.

The main purpose of this paper is to review the theory necessary torimplement the
cormlated-k model for a vertically inhomogeneous atmosphere, and to apply the direct FP
method to calculate k-distributions for the transmission of the molecules CMi and N20. For the
wavelength interval of 7 to 9 microns and altitude range of 0 to 62 km, a calculation of the
atmospheric cooling rates, upward fluxes, and downward fluxes will be made for each molecule
and compared to the L0 values.

EL The K-Distribution Method

For a non-homogeneous atmospheric path, containing j discrete layers, the transmission

expression given by Equation 2 becomes;

TQdI)=lAv fexpl (-k WAU 1Jdu (Sa)

expexpessikoAujgdeb (5b)

The exat equivalenc-. of Equations 5a and 5b for an inhomogeneous atmosphere is limited
to a few special case G1 has shown that thes expressions me equivalent for the cas of

kw= k~f, , where the subscript -o" , indicates a particular layer and fjis a function of the
pressure and utmperature of the j m layer. G2 has shown that the two expssions ar also
equivalent for the case of the suong line limit for pressure broadened lines. When the exponential

-3-
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terms in Equations Sa and 5b are expanded and the integrals are compared term by term. G I has
shown that in the weak line limit.

the two expressions are equivalent GI also states that since terms of the kind,

contain theexpressons. (k ,•,uSwhich an equivalent in di two trnmisson mode. thek distribudo, :eýo wle a mom accurate method than the weak line approimto In

general, the tam integrals which involve the cm pros ct terms will not be equivalen unless
there is a unque k(g) relation which is correlate for all the layers. Both LO and WI have
discussed the validity of the k-distribution method from this point of view. For the method to
work .precisely. tdk(8) relations must be such that a particular g value selects de same set of
frequencies in all the layers; Le. the frequency ordering of the opacity groups is preserved layer
to layer. In LO and Wl examples arm presented which show the consequences that can occur
.w hen speiit values do not select the same frequency sets in different layers. Via the separate
kg re) lationships for two layers, the k(u) dsitbuton for a layer can be scaled on to the range of
k values aVWeprar for the second layer by selecting a set of fre wecis appropriate to a
particulars .va7uor the first layer and using this set of fmque s with the k value., for the
same g,in the second layer as the scaling relation The scaed k(u) relation. thus obtained for the
second layer, will differ from the original k(u) for the second layer, with the difference
increasing as the corrladon between the k(u) relations of the two layers decreases. The k-
distribution derived hum the scaled k(u) relation will become significantly no monownic as
the correlation between the layers decreases; L~e. the k value for a given g will no longer show a
small dispersion about a well defined mean value. As pointed outi n 02, the k-distribution
method cannot be valid for all conditions and its use under all circumstances must be
accompanied by numerical validity tests or comparison with asymptotic forms. The monotonic
nature of the k-distributions allow transmission calculations to be performed, over a frequency
inrteL uu= a few tens of k(g) pointsas = so Imp numbesof./(u) poins(Au-AvW4;
A - ., h) required for alie by calculation. The resulting computational
economy using the k-distribution method is sufficient to warrant the numerical validity tests
necessary for its use.

The calculation of the k-distributions for 014 and N20 by the FP method contains the
following ste~ps. FPrit. te HITRAN-91 database (Rothman a at., 1991) is utilized to determine
the line transitions and physical p of the selected lines. Second, a version of the
FASCODE2 code (Cough e L, 19a6), 7 modi= by FP, is used to calculate a finely gridded
(Au-AuW4) sat of monochromatic absorption c soeffcit with full allowance for the overlap of
eglibarin; lines, for each layer in the atmosphere. Third, a sorting code developed by FP,

ABSORT, is used to calculate thcftk), g(k). and k(g) funcdons for each homogeneous layer. A
block diagrzm o the rocess is shown in Figure 1. Initial input to the SELECT' code which
accesses the H IJrA-9= databas consists of the wave number range, and the choice of
molecular species and isotopes. The SELECT code output contains the central wave number,
intensity, half width, and lower state energy for each Ime as well as an intensity weighted
average half width for all the lines. The weighted average half width calculation in the SELECT
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code was a modification added by FP. The modified FASCODE program takes the line data
generated by the SELECI code, fits an absorption line profile (Voigt Profile) to each line and
calculates the absopion coefficient k(cm2/air mol) as a function of wave number. The wave
number grid spacing is controlled by the value of the weighted average half width. A typical
value of the opacity grid gpci for the CIU calculations is 0.0005 car' at pressures of the ordier
of I mb. The normal cutort pont in the line profile is set at 25 cm-t from line center. This is done
both for reasons of economy (beyond 25 cm-1 a given line contributes little opacity) and because
deviations from LArnmtz behavior can become appreciable. In addition to the input from the
SELECT code. The values of temperature, plssure and nominal mixing ratios (Xs) of dte
absorbing species are required for the FASCODE program. These values are obtained from a
model atmosphere specifiation which will be discussed later. The ABSORT code takes the
absorption coefficient files generated by the FASCODE program and sons the opacity into bins
of equal logarithmic width. Alog k(u), to produce a distribud.onfk). based on the relative
probability of occurrence within the wave number interval (proportional to dt number of entrics
in each bin). The cumulative distribution function. g(k) (Eqnuati 1), is obtained by numerical
integration of tbhjTk) function. The k-distribution is obtained by a mvrse interpolation of the
g(k) relatio using a spline function. For the calculations in this paper a 201 bin model was used.
FP sugess a number greater than 100 bins for normal a e poblems. The inputs to the
ABSORT code am the maximum and minimum values of the opacity in each atmospheric layer
(deterines the range of k's covered by the bins). the number of sorting bins (determines the
width of each bin), the choice of linear or spline interpolation, and the line by line opacity results
from FASCODE for each layer. The output from the ABSORT code is the 201 point ktg) relation
for each layer.

In order to make a di comparison with dhe LO calculations, the wavelength range
chosen for the CHQ and N2O calculations in this paper is 1100 to 1340 cm-1 or 7.5 to 9.1 microns.
This wave number interval was divided in subintervals having a 20 cm I width. For this
subinterval width the variation of the value of the Planck function is less than 10 percent across
the band at the maximum and minimum atmospheric temperatures i.e., the use of the average
value of the Planck function over the wave number interval is accurate to the order of about 5
percent of the actual value. The use of wider bands will require averaging opacities weighted by
the Planck function

The model atmosphere chosen for the calculations is the McClaschey mid-latitude, summer,
pressure-temperature distribution (McClatchey et al, 1972). The altitude resolution was chosen
as I km between 0 and 20 km and 2 km between 20 and 62 kit. Mfixing nuios ofC1 and N20
were chosen to be 1.75 and 0.3 pjpm respectively. Both the LO calculaions and those of this
pape assue that the mixing raiss re constant with alttuade, although 01 indicates that the
mixing rlios decrease sinicy above -25 kan altiude. This point will be discussed later in
terms of the stratospheric cooling rates.

Figures 2 and 3 show dhejfk), S(k), and k(S) functions for CH4 in the wave numbier band
1300-1320 cm-1 at the e and pessures representative of the surface layer.
T = 291.7 K and 945.7 mb(gure2), and alay at-50 km, T = 272.2 K and P = 1.48 mb
(Figure 3). It is interesting to not that the k-distribution exhibit very different behavior at g
values between -0.9 and 1.0. For the high pressure surface layer the k variation is less than an
orde of magnitude, while for the low pressure high altitude layer the k variation is approximately
four mOrder of magnitude. Figure 4 shows the kdistributions for five representative atmospheric
layer P = 1.48,18.05,102.44,542.36, and 945.28 mb. These curvesare constructed from the
201 k(g) p t produced by the ABSORT code. For pressures greater than -100 mb (altitudes
below -18 kin) the curves ae reasonably well behaved. At press=i below -100 mb the curves
have 1ar7e opacity excursions at g value greater than 0.9. These excursions can be up to four
oReRss magnitude at the lowest pressures. This kind of behavior at low pressures is thought to
be due to the absence of pressure bro vlening effects on the absorption lines in the wave number
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band;- Le. the lines ame dominated by doppler broadening near line center. Inspection of Figures 2
and 3 shows thatthe existence of narrow, high opacity line cores in the wave number band
causes the distribution functionalk) to have small but finite values at high opacities, which
results in a shaply peaked k(g) function at high g values. These variations in the k-distributions
requir a careful numerical integration strategy in the transmission expression. Equation 5b. in
order to accurately reproduce the k(g) functions. The integral over g in Equation 5b can be
approximated by a summation.

N Fl
T(d)=iaiexp[-5ks 1 A s,I .*

1st 1 1 (6)

where the a' s represent the integration weights. The k-distributions for the lower pressures
require a larger number of k(g) points in Equation 6 to accurately reproduce the transmission
integral. The integration strategy which was adopted after test calculations was a 43 point.
variable spced trapezoidal model. For S values between 0.0 and 0.6. a Ag spacing of 0.1 was
chosen. For g values between 0.6 and 0.9. a Ag spacing of 0.02 was chosen. Forg values
between 0.9 and 1.0, a Ag spacing of 0.005 was chosen (this is the spacing for the 201 point
ABSORT code output data).

UL Radiative Transfer Model

In order to determine the atmospheric heating rates and upward and downward fluxes, the
radiative transfer equations must be solved for the specific monochromatic intensities,
l,(fu,. i)in the atmosphere. The classical radiative ranser equations for a plane parallel
atmosphe are (Lion, 980);

p d l(l = r ,p)- B. (7a)dru

dr = -k pdz, (7b)

p cose. (7c)

r, is the monochromatic optical depth at frequency AK( TO at the top of the atmosphere), B, is
the Planck function, p is the mass density, z is the altitude, and 0 is the zenith angle. The formal
solution of Equation 7a is

t. (8)

For downward radiances. ,ý =. -lt p <0. l,(O.-p) = 0. and Equation8 becomes

V 10" (9)

For upward radiances, T,, = T•, (surface), l(?w.J)=Bu (ground), I S p <0, and Equation 8
becomes

lUI92-m27 -6-
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I='f.+ ) B= s(=roud)•-'-"'-"ea -(Tug -"tJ' L_ (10)

Integration of Equations 9 and 10 by pars gives
I;(r,.p) = a,(a,)- B,(o). -2:' e j d51'-r"," a , '), .

dr' (11)

for the downward radiance and

- {'t)ja 4 u:)dr <

(12)

for the upward radiance. Note that a distinction has been made between the ground temperature
and the air temperature of the zero altitude point. The flux, Fa&, in a particular frequency band
AL is given by the equation

AV 0 (13)

This can be approximated by the expression,

N

AU i=I (14)

where the ai's are the weights for the numerical integration scheme. Under the usual assumption
of the constancy of the Planck function across the frequency band Av, the flux equation becomes

N

F*- ' b,/*(TA...,.i

i=l (15)

wher T&, is the transmission function for the frequency inerval v, calculated between the
a levels in the atmosphere. and the bi's are the interation weights.

The f* expressions We;

F= B,(z)- B6 ,(max) Ta,(z. z,. j, )+ JT,&, (.z'.u,) d,8,o(z'),
a (16)

-em~a -7.
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/+= .. (z) -[B..,(g,.,d) - B+.<O1T...(r.o,. 8)- .I JTA.(z.z'.P.i)dB&,V(z'),

o (17)

and

B8j(z)= JBý(z)dv.
A, (18)

This set of equations plus the ftansmissionequations between appropriate levels (cf. Equation
(6)), are solved for ten evenly spaced p values between 0 and 1.0 for every level in the
atmosphere. Once the upward and downward fluxes are obtained at each level, the heating rates
for each atmospheric layer can be detaemned For a particular layer the heating rate is

dT AF
d t CPAm (19)

where AF is the net flux into dte layer,

AiF = F up, + F MV,+, - Fop,+. - FO v,, (20)

c is the specific beat, and Am is the mass per unit ara in the layer. Te subscripts L + I and i
denote, respectively, the upper and Iowe boundaries of the layer. The hydrostatic equilibrium
condition Am = pAz = -AP/S, can be substituted into Equation (19) to obtain the expression

d(T Cda) --. 4672 AF (qm 2 )

SAP(( b), (21)
whert AP is the pressure dilerence (P 1+ - P)across the layer.

IV. Remlts mad Discadm

Upward and downward fluxes and heating rates have been calculated for CH.I and N20
using the conulated-k transmission model for the following problem specifications:

I. Mc(•aahey mad latitude, summer, model atmosphere temperature-pressurt distribution.
2. Altitude resolution

a. I kin, 0-20 hIn altitude,
b. 2 kin, 20-60 km altitude.

3. A 2round9emnpua o24 K.
4. A 014 muxing raio of 1.75 ppm, constant with altitude.
5. An N2 0 mixing ratio of 0.31 ppm, constant with altitude.
6. A waveanumber range of 1100 to 1340 cm-I (-7.5-9 microns), in 20 cm-t bads.

Figures 5 (-Hi) aad 6 (N20) show the downward flux (a), the heating rate (b), the upward
flux (c), and the.net upward flux (d), as a function of altitude for the wavenumber range
1100-1340 cm-1. The net upward flux is defined as the upward flux at each atmospheric level
minus the upward flux due to the ground at the bonom or the atmosphere. Th net upward flux is
illustrated for the purpose of direct comparison to the LO results. The line by line calculations of
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LO for the downward flux. net upward flux, and heating raes am shown as doted lines in
Figures 5a, b, d and 6a. b, d. The wave number spacing for tde line by line alculatims was
0.005 cm-1 for altitudes below 15 km and 0.000S cm-t for altitudes above 15 km, yielding
between 4000 and 40000 points within die 20 cm-t wave number band. These numbers are to be
compared with the 43 k(g) points for the same 20 cm-1 wave number band for the k -distribution
ransmi modeL The results for C01 (Figur 5) show that fluxes agree to -8 pacent with the
line by line calculations The beating rate calculations show good agreemnt up to an altitude of
-45 km with the line by line results. The quality of the agreement below 45 Ikm is of the sun
order as that qven by the LO results. Above 45 Ian the heating rate shows a larg negative
excursion which is conelated with a temperatur maximum at 47 km. In the region between 45
and 60 km the k-distribution model produces huting rates which am grea"e t the line by line
results by -4 Pen=. Test calculations seem to indicate that the apeement of the heating rates in
these altitude regimes depends on how accurately the high opacity end of the low pressure k-
distributions can be resolved.

The results for N20 (Figure 6) exhibit similar behavior to the CH4 results. Th fluxes agree
with the line by line values to better than -15 Percent. The heating rams below -45 km show
good agreement with the line by line values and is of the same quality as the 01. results. Abov
45 km there is a disagreement in the heating ram which amounts to-5 permet.

As a test of the sensitivity of the method to the size of the wavenumber subintervals, a set
of heating rate calculations wcere made using a subinterval size of 40 car'. T"1 heating rate
variation as a function of altitude at the 40 cm-1 interval size for 0M. and N20 is shown in
Figures 7a and 7b respectively. The accuracy of the 40 cm-1 interval calculation in the 45 to
60 kan altitude range compared to 20 cm-t interval size calculatido. For 0 the error
in the hearing rame goes from -4 peent to -12 percent as the interval sin gSs fhom 20 Carl to
40 cm-1. For N20 th e rm in the heating r goes from -5 percent to -42 percent as the interval
size increases from 20 cm-t to 40 cm-'. The d in the heating sraf arnis due o two
factors, a smaller variation of the Planck function across the interval and increase in resolution of
the k-distribution. The allocation of the eror differeot between these two fctors depends on the
spectral characteristics of the gases being considered.

The 01. and N20 heating rate calculations of LA, using k-distribulmos based on the
Malkl.s Band Model to calculate the s agree with the liUe by line results to within
approimatey 5 percent on the 45 to 60 km altitude ron (since this is the altitde reon when
d line raP, become im tant). The agreement at the Iowa altitudes is much better. In the

00km alttde region. the -d r " o model used in this paper and the Mallimi k-
disribution model, used by LO, produce approximately the same results. ah cal tions in this
paper have been done using a wave number band spacing of 20 cm-r and 43 k intervals for the k-
distribiuton in order to resolve the sharply peaked k distributions in the stratosphere. These
numbers ae to be compared with the LO band spacing of 10cm-1 and 36 k inmtvals for the k-
distribution.

The results of the C01 and N20 calculations indicate that the coelated-k method of
calculating transmusskons appears to be a computationally efficint method which yields good
accuracies when compared with line by line calculations. Future work will address the overlappbilities of the k-distributions for different species as well as the inclusion of mom molecules
in order s produce a complete longwave radi transport model. Additional effor will
include numerical mprovements to optmiae quadratures. allow wider bands the

plementation of a new code to calculate the finely gridded set of moucamunabri
coefficients used by the ABSORT code, and the addition of clouds and aerosols.

26-9-
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Fipre Captions

Figure I. A block diagam of the calculation of the upward and downward fluxes and the
heating rates. The SELECT Code accesses the HlTRAN-91 data base and outputs the

txpriae line transition data for the selected molecular species. The FASCODE
the output of the SELECT Code plus the temperature-pressure relation

and mixing ratio values from the model atmosphere and produces a line by line
oaity vs. wave number data base-for the selected wave number band. The ABSORT

huses te line by line data base output from the FASCODE Code to calculate the
ffk), g(k). and k(g) relations for each atmospheric point. The CORKI Code uses the
k(e) relations calculated in the ABSORT Code and the model atmosphere to calculate
fluxes and heating rates at each atmospheric level.

Figure 2. The CIM opacity distribution function, jfk) (Figure 2a), cumulative probability, S(k)
(Figure 2., land k-distribution, k(g) (Figure 2c), for the wave number band 1300-
1320 cm-, at T = 27223 K and P = 1.48 mb.

Figure 3. The M opacity distribution function, ftk) (Figure 3a), cumulative probability, S(k)
(Figure 3b), and k-distribution, k(g) (Figure 3c), for the wave number band 1300-
1320 cm-i, atT -291.66 Kand P= 945.2 tub.

Figure 4. The CH4 k-distributions for the wave number band 1300-1320 cm-1, at five
atmospheric pressure levels, P - 1.48, 18.05, 102.44, 542.36, and 945.28 rob.

Figure 5. The altitude variation of the radiative fluxes and heating rate for CH4 in the wave
number band 1100-1340 cm-t using a 29 cur 1 subinterval size. Figure 5a shows the
altitude variation of the downward flux (W/m2). Figure 5b shows the altitude
variation of the heating rate (deg COday). Figure 5c shows the altitude variation of the
upward flux (W/m2). Figure 5d shows the altitude variation of the net upward flux
(W/m0). The net upward flux is defined as the upward flux at a particular aunospricc
level minus the upward flux due to the ground at the bottom of the atmospher. The
dotted lines shown in Figures 5a, 5b, and 5c are the line by fine values of LO.

Figure 6. The altitude variation of the radiative fluxes and heating rate for N20 in the wave
number band 1100-1340 cm-t using a 29 ctmt subinterval size. Figure 6a shows the
altitude variation of the downward flux (W/mn). Figure 6b shows the altitude
variation of the heaing rate (deg CMday). Figure 6c shows the altitude variation of the
upward flux (W/m1). Figure 6d shws the altitude variation of the net upward flux
(WAn 1).The net upward flux is defined as the upward flux at a particular atmospheric
level minus the upward flux due to the ground at the bottom of the atmospher The
dotted lines shown in Figures 6a, 6b, and 6c are the line by line values of LO.

Figure 7. The altitude variation of the heating rate (deg Ciday) in the wave number band 1100-
1340 cm-1. using a 40 car' subinterval size. Figure 7a shows the 0 heating rate
variation and Figure 7b shows the N20 heating rate variation.
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LINE BY LINE CALCULATION OF ATMOSPHERIC FLUXES AND COOLING
RATES: APPLICATION TO WATER VAPOR, OZONE, CARBON DIOXIDE

AND THE FLUOROCARBONS

S.A. Clough, MJ. lacono, L-L Moncet
Atmospheric and Environmental Research, Inc.,

840 M•eorial Drive, Cambridge, MA 02139

Line by line cakulations of anmospheric fluxes and heating rants for the long wave spectral
region have been performed tm assms mthods of Urating the overlap of carbon dioxide and water
vapor and to study.apprxm , methods for including the effects of heavy oecults inwcuding the
flmutnmcon. In dg these rsults we have explicitly conidered the role of th water
vapor coninuum [1] and the effect of doubling cmaro dii•de. TI role of dte water vapor

mis explcitly considered. CmIparisons with reults fim 1CRCCM will be presented. A
vectrized version of FASCODE with the capaiflt of obtaining fluxes has been utilized for these
calculaim. The sung correlation of the spectral cooling rates and the wou g spectral radimm
is emphasized as well as the importance of the spectral rgion fiom 0 - 600 cm-r.

1. Clough, S.A., F.X. Kneizys and R.W. Davies, 1989: Lin Shape and
the Water Vapor Continuum, Atnospheric Research, 2 229-241.
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BACKSCAT LIDAR SIMULATION: VERSION 3.0

J.R. Hummel, D.R. Longtin, N.L. DePiero, R.J. Grasso
SPARTA, Inc., 24 Hartwelil Avenue, L.xingmon, MA 02173

The Geophysics Dicot of Phillips Laboratory is developing a number of lidar systems
for use in prbng the atmospher. Tmhe sms include backacatter idars to study atmospheric
aeosols, Doppler lidar systems to measur wind fields, and Raman lidars to study the distibutions
of different molecular species. To aid in the design and use of such iidar systems, SPARTA has
deveoped a lidar simulation pwgm, BACKSCAT. Originally developed to include only the
backmcatneaud return fiom aerosols, the simulation packag has evolved to also include Raman

at processes. This paper demibes a new version of the simulation system, BACKSCAT
Version 3.0.

BACKSCAT Version 3.0 includes two significant imp.remens. The first is the inclusion
of userdefined aeol layers and the second is the cniderto of Raman scattering processes.
(The descriptin of t Ramo scasering optios within BACKSCAT Version 3.0 will be
described in a compaion paper.)

In BACKSCAT Version 3A a user-defined aerosol layer is defined by a number density
prfile, a siz disribution shape, and an index of rfrcion. Aarosol attenuation pperes ar
onrpu.d using an efficient Mie scateing poga that is coupled to the BACKSCAT simulation

system. Users can select fnom a library of aerosol indices of rfraton for common aemsols, or
ftey can input specific values.

Research Supported by Phillips Laboratoy, Geophysics Diectorate, Cmoract F19628-91-C-0093.
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DEVELOPMENT OF A RAMAN LIDAR SIMULATION OPTION WITHIN
BACKSCAT VERSION 3.0

RJ. Grasso, J.R. Hummel
SPARTA, Inc., 24 Hartwell Avenue, Lexington, MA 02173

Raman lidar is a useful and powerful tool for remote probing of the atmosphere. With
Rmnan lidars, one can accurately determine the idecaon and concentration of a particular
molecula speci, nt in the atmosphere. Results we presented from an efort to develop a
simulation "pebih Of Raman lidar systems for the remote dctection of atmospheric gases and/or
air polluting hydrocarbons. Our model, which integrates remote Raman specumcopy with
SPARTA's BACKSCAT Version 3.0 atmospheric lidar simulation package, permits accurate
detemination of the perfommance of a Raman lidar system,.The accuracy of the model results from the accurt calculation, at any given excitation
wavelength, of the difflzential scattering cross section for the molecular specie under investigation.
We show excellent cofrflatiwn of our calculated cross section data with experimental dam from the
published eiiature. In addition, the use of BACKSCAT Version 3.0 package, wahrdesa
user friendly evironment to define the q~crating conditions, provides an accurate Of the
atmospheric exncton at both the excitmon and Rmnan shifted wavelengths. The Raman option
within BACKSCAT Version 3.0 can be used to accurately predict the performance of a Ramn
lidar sysm, the on-centrion and identificatin of a specie in the atmosphere, or the feusibility of
making Raman measurements.

Research Supported by Phillips Laboratory, Geophysics Directorate, Contract F19628-91-C-0093
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CALCULATION OF THE ANGULAR RADIANCE DISTRIBUTION FOR A
COUPLED SYSTEM OF ATMOSPHERE AND CANOPY MEDIA USING AN

IMPROVED GAUSS-SEIDEL ALGORITHM

S. Liang, A.H. Strhier
Department of bhy and Center for Remote Sensing. Boom University,

725 Commonwealth Avenue, Boston, MA 02215

The radiative transfer equations of cpdseof m I ao media a
solved numerically by an improved Gauss-Seiel i alga1dm. .he adiati field is
d mposd Into thee components: uncofided sunlightsingeg _C a ulipe scanding
radiance for which the osponing equations and b dset up and
aaytc or iadonal solutions a explicitly derived. MW aba.ffect fthe m
acmpl• by means of the modificationofextinction offir's o upwa d gl scaeing
* diation and uncoided sunli To reduce the cnpumaumm for the case of del
thicikess, an improved itmration formula is derived to Tonedu %t lst
psented in this pape is well suied to analyze the relative manitl. s. . wng
radiance and sng scattering radiance in both the visible and new infrand r•eos.
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CALCULATION OF THE ANGULAR RADIANCE DISTRIBUTION
FOR A COUPLED ATMOSPHERE AND CANOPY

Shuuln& liaq & Akin H. Strakiff

Center for Remote Sensng, Boston Unversty

1. Introduction

2. Radiative Transfer Models

"* atmospheric radiative transfer equation

"* canopy radiative transfer equation

* canopy leaf model

3. An Improved Gauss-Seidel Numerical Algorithm

4. Model Validation and Data Analysis

5. Conclusions
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Introduction

*. Limitations of the conventional remote sensing
based on nadir observation

". Space- m•ultiple angle'Observations are pos-

sible in EOS era

'. Individual modeling efforts for the atmosphere

and canopy
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Atmospheric radiative transfer equation

Canopy radiative transfer equation

C y i eeei+h(rQ)G efrQ

subject to corresponding boundary conditions.

328 0



The function G (Q) is the mean projection of a unit foliage area

in the direction C, i. e.

The correction function for.hotspot effect is given by

h (%r,Q) =1 1- x

It can be observed that in the case of backscatter (i. e.,
Q=-aC), A(DO, 0)=O and h(T,.l)=O. The absence of extinction

coefficient results in the local maximum of reflectanc which is

widely termed the hotspot peak.
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The radiative transfer equations and thir boundary conditions

are given by

.. M L 0M ) +I0QM (1. 0) r=-+Y J~PQ*4lI(1, Wfdy +Q i 02M )
Sat,•o)+o~otu¢)- •I, r¢a'-4Q(.omHodgr +Q0(cQ) '". <'C s

IM(O.Q)=0 0<O
jM (%r~,f) = [ fl(. ') Ihi' I(1t, £rX')dLTYp>

"JL ~~~',",.• , .:.""

here

tQ2(-'C- = -,,°O.. ' + Ij , (c 'r-,a , ')d C" .. < -T5 ,

For simplicity of discussions, assume that we are faced with

such a general equation

_-L CV M + f fly)m (.1. ) = J12,)

where

f (in) = ' a <(Q) 'Ct

and the source function is

[ f -)(,M(C, ) +(, fl -)Jdo° + (Of *IY-+o),o0°, )d' •

" "yl) =, [43 r(a'--jXIM (, ," 0') . ,,0' )J,,3 ' + 3.,'o-,),°l.. 0' , o" '. < 'Ct
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Gauss-Seidel algorithm

From the spatial inerval (;,¶z÷.), Herman and Browning asumu hat

the somu funimon J(% CA) may be Uaken to be independent of e' and equal

to its value at the midpoint of the intrval, letting J(i',fl) =J(';1+1,) for

alt iin this ierval.

The improved version is base on a linear variation of the source fune-

tion. For three arbitray layers ci < -e 5 -r+2, the linear relation can be given

by:

J i+,LI-(i+,I (,'-'T,+) jL<O1 (T', " ) = J(N+1 , ) + 0 ()r+2 , ')-J(+,1 )

For the downward radiance,

I - 11/Ar + (I+ Ar')exp(-2Ae')] I <0

The same procedures will yield the formula for the upwelling direction

J ,')l - --, + (1+Ae)exp(-2Ae')] jt>O.
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Conclusion

*. The improved Gauss-Seidel algorithm can be

effectively used for the coupled medium

*. We could not accurately retrieve canopy iiorma-
tion in visible region without exact knowledge of

atmospheric characteristics

*. The near-IR region is of great significance for the

remote sensing of vegetation
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A PHYSICALLY REASONABLE ANALYTIC EXPRESSION FOR THE SINGLE
SCATTERING PHASE FUNCTION

W.M. Comette, J.G. Shanks
Photon Research Associates, Inc., 9393 Towne Centr Drive, Suite 2000, San Diego, CA 92121

An analytic phase functimon that reduces the Rayleigh phase function for the scattering of
n dight is peented and compared to the traditional Henyty-Greenstein phase function.

tween the piop phase function and the phase function for three of
Deirmendjians polydispersimons ae shown, and applications to radiative mnsfer are demn
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ANALYSIS OF SOLAR TRANSMISSION DATA OVER THE SOUTH ATLANTIC
OCEAN DURING SABLE 89

D. Longtin, J. Hummel
SPARTA, Inc., 24 Hartwell Avenue, Lexington, MA 02173

G.G. Koenig
PISWDOPA, Hanscom AFB, MA 01731-5000

This pe discusses the analysis of solar ' n ssometer data that was taken during the
South Atlantic bcatter Lidar Experiment (SABLE). Tre were six days when the insmrument
was operated. 25 June, 28 June, I July, 2 July, 6 July, and 7 July 1989. The instrument was
located on Ascension Island and it measured solar transmission at 532 nm versus time and

trnsisio across the solar spectrum.
In the analysis, the time series of solar transmisions at 532 nm are used to study the

properties of cirrus and boundary layer sulu that passed in front of the sun while the
instrument was working. For 25 June 1989, a qualitative assessment shows the transmission
through cirrus to be between 0.4 and 0.8, and the cirrus thicknesses are estimated to be between
1.0 and 2.2 kin. These estimates are consistent with cinm observations from aircraft

The remainder of the analysis focuses on the poperties of stratocumulus cloud edges and
thin spots. It is shown that stratocumulus have very similar edge characteistics from day-to-day:
there is a uniform distribution of cloud transmission values between about 0.1 and 0.7, and the
percentages increase significantly as cloud mtmnmissions increase from 0.7 to 0.9. Also, the
number of occurrences of sttcumulus *hin spots and edges are compared against total number of
stratocuulus occurrences. Although day-to-day variations exist, the comparisons deafly show
that s-atocumnulus over Ascension Island often are not opaque, and they frequently transmit partial
solar radiation. Since stratocumulus often cover broad regions of the marine envm t these
findings could be of interest to climate modeling studies which often assume stratocumulus to be
fully opaque.

Reserch Suppoted by Phillips Laboratory, Geophysics Directorate, Contract F19628-91-C-0093
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